The objectives of this study were to determine the prevalence of musculoskeletal complaints in a population of lock assemblers in the West Midlands; to follow one group over 12 months and to explore the relationship between survey data, sickness absence information and claims experience. An adapted Nordic Musculoskeletal Questionnaire was used to determine annual and weekly prevalence and annual disability rates for musculoskeletal complaints. There was no statistically significant difference in complaints between the six companies, apart from an increased reporting of neck (p < 0.001), upper back (p < 0.001) and hip (p < 0.05) symptoms at one company (Site 4) during the week prior to the study. When the study was repeated at Site 4 one year later, new employees had significantly fewer complaints of neck and elbow discomfort over the previous year and week, but no difference in wrist complaints was reported. This survey of lock assemblers has highlighted high levels of self-reported upper limb complaints when compared to other referent groups of workers.
INTRODUCTION
The associations between occupation, job tasks and musculoskeletal disorders have been well-recognized and reported in the literature. 1>2>3 Risk factors such as repetition, force and extreme postural demands have been identified 4 and the importance of work organization and the psychosocial aspects of work have recently been highlighted. 5 In 1993, the Health and Safety Executive (HSE) became aware of musculoskeletal disorders occurring in lock assemblers, testers and inspectors in several companies within the West Midlands. Clinical conditions such as tendonitis and tenosynovitis had been diagnosed by general practitioners or hospital specialists. The companies were also aware of other cases who had been seen internally by an occupational physician or who had complained to their supervisors of generalized aches and pains. Lock-making involves assembly and then testing to ensure correct fit of key and lock. The technique varies slightly between manufacturers: in some factories assemblers build the whole lock and test it, in others they assemble only part of a lock which is completed further down the production line and then tested. The job of a lock assembler and tester involves actions which are frequent, repetitive, of a short cycle and often using force. Depending on the type of the lock under manufacture the tester may need to test up to ten keys in each lock. Each key is tested on both sides of the lock, and may be tested with the thumb providing resistance against the deadbolt. Rapid pronation and supination at the elbow and movements of the wrist of the dominant arm occur.
The objective of this study was to assess the prevalence of musculoskeletal complaints in a population of working lock assemblers. Further objectives were to assess the prevalence of musculoskeletal complaints of one group 12 months after changes to the workplace had been made and to explore the relationship between survey data, sickness absence information and claims experience. 
METHOD
The HSE database was used to identify all companies carrying out lock manufacture within the West Midlands.
Seven companies with the largest number of employees were selected and contacted with a brief outline of the study. All agreed to participate. Of the original companies, six followed the agreed protocol but in a seventh the personnel department handed out the questionnaires prior to the EMAS visit. This produced a very poor return and they were therefore excluded from the study. The study was explained in detail both to site management and to the union.
The Nordic Musculoskeletal Questionnaire, 6 adapted for use in the UK, 7 was selected as a convenient and easy-to-complete tool to administer to large groups of employees to document self-reported musculoskeletal complaints. The advantage of using a standardized questionnaire is that referent data is available from its use elsewhere which assists in placing the results in context. Questionnaires such as the Nordic Musculoskeletal Questionnaire identify all musculoskeletal symptoms, a unknown proportion of which do not relate to occupational exposures. However, in terms of determining if there is a significant occupational problem from a specific work process, questionnaires are valuable in highlighting which body area(s) are at particular risk of injury. Their use is best when supported by clinical and/or an ergonomic risk assessment.
Initial study
Prior to distributing the questionnaire, EMAS staff explained to the participants on the assembly lines the anonymity and confidentiality aspects and the method of feedback.
Management allowed workers to stop production to complete the questionnaires which were distributed and collected by EMAS staff who checked that they had been adequately completed.
The data was then entered onto a computer database and analyzed using SPSSX software to determine the annual prevalence, weekly prevalence and annual disability for nine body areas. The body areas were the Neck (N), Shoulders (Sh), Elbows (E), Wrist and Hands (W), Upper Back (UB), Lower Back (LB), Hips (H), Knees (K) and Ankles (A). Annual prevalence was determined by the lock assembler reporting they had experienced aches, pain, discomfort or numbness during the last 12 months in that particular body area. Weekly prevalence was defined as trouble during the last seven days. Annual disability was if the lock assembler reported during the last 12 months having been prevented from carrying out normal activities such as their job, housework, hobbies because of the symptoms.
A total of 198 questionnaires were returned, representing a response rate of 100% for workers present on the day. Neither management or unions were aware of any workers who were absent because of musculoskeletal complaints.
Of the respondents, 191 were female and seven were male workers who on analysis were carrying out both general assembly and highly skilled locksmith tasks. The males were removed from the analysis. There was no statistically significant difference in age, height or weight of employees across the six companies (Table 1) . Longitudinal data
At one company (Site 4) the study was repeated one year later and the results compared between the established and recently recruited employees following ergonomic changes to the workstations.
Sickness absence and insurance claims
Data was requested from one company on their insurance claims experience over the period of the study for the assembly workers in order to link the survey information with other indicators of ill health.
Statistical analysis
The data were analyzed using the SPSSX statistical package. Non-parametric tests were used for comparing proportions (% 2 , % 2 with Yates correction if groups included less than 25 subjects). Table 2 presents the percentage of die subjects reporting musculoskeletal complaints in each of the nine body areas during the previous 12 months. The highest level of reporting was for the wrist-hand area (58.3%), followed by the neck and shoulder regions (both 50.8%). Reports of upper limb symptoms predominated at all six sites. Numerically, the level of reporting varied for each body area between the sites e.g., from 40.7% (Site 2) to 78.9% (Site 4) for the neck region, but this was not statistically significant {% 2 = 7.47 p > 0.05). The lowest percentage was found for the ankles and hip regions where about 17% of subjects reported symptoms. Weekly prevalence Table 3 shows the highest number of complaints in the previous week related to the wrist-hands (31.7%), then the lower back (27.7%), with the lowest at the ankles (9.6%). There was a statistically significant increase in the weekly prevalence of complaints affecting the upper back and neck (both p < 0.001) and hips (p < 0.05) at Site 4. Table 4 shows that complaints about disability were highest in the wrist and lower back (20% and 21% respectively) and lowest in the hips, knees and ankles (5.9%, 5.3% and 6.5%). The results suggest that a large number of operators reported neck symptoms but that this led to proportionally fewer operators reporting that their symptoms had prevented them from doing their activities. This was in contrast with the low back or elbow reports, where in each case 44% of the operators who had reported complaints in last 12 months also reported disability. There was no statistically significant difference in annual disability rates between the six companies. 
RESULTS
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Longitudinal data
At Site 4, the study was repeated 12 months later using the same questionnaire and method of administration as before. The results are presented in Table 5 . Of the 20 original workers (A) only 16 were still carrying out the same jobs 12 months later (B); none of the four who had left the company were known to have musculoskeletal problems. Ten new staff had joined the company in the intervening year (C). There was no statistically significant difference in age, height or weight between the new (C) and the established N. R. Williams and C. E. Dickinson: Muscuiosketetal complaints In the lock industry 483 (A or B) workers. Naturally, the new operators had been employed for a shorter duration than the original lock assemblers (p < 0.001).
There was no statistically significant difference in annual prevalence, weekly prevalence or annual disability reported for the upper back, lower back, hips, knees or wrists and hands between the initial study group (A), the group a year later (B) and the newly recruited employees (C) (all p > 0.05).
There was a statistically significant difference in the annual prevalence of symptoms affecting the neck (p < 0.05) and elbow (p < 0.05) and in the weekly prevalence affecting the neck (p<0.01) and elbow (p < 0.05) between established (A, B) and new employees (C).
Annual disability increased in the established employees CB) (p < 0.05) in the 12 months since the first and second surveys.
Ergonomic changes had been made to reduce the height of computer screens which were used to identify which key fitted the lock so that the neck was no longer extended and workers each had their own chair which was fully adjustable in height.
Link with sickness absence and insurance claims
One of the companies studied, Site 1, provided information on the number of employees within the study group who had had sickness absence for more than 3 days in the year prior to the study and information on the number of insurance claims. The relationship between the annual prevalence of musculoskeletal complaints, their annual disability, any significant sickness absence and insurance claims is represented in Figure 1 . This shows that employers should not rely solely on significant sickness absence and personal injury claims as indicators of musculoskeletal problems. Although not shown, there were no employees initiating civil litigation in the year following the study.
DISCUSSION
The results show a high level of self-reported complaints in the upper limb. Table 6 shows the annual prevalence rates for musculoskeletal complaints among the present cohort of lock assemblers compared with data from British females employed in other occupations. 8 To avoid any bias, in each referent study identical questions were used to the present study and they included populations of similar age, weight and height. When the annual prevalence for the checkout operators and lock assemblers was compared there was a statistically significant excess of complaints affecting the neck, shoulder, elbow and wrist in the lock workers (p < 0.01) and an excess of lower back complaints in the check-out operators (p < 0.01).The annual prevalence median levels for all six occupations were determined at 40.7% (neck), 41.0% (shoulders), 11.8% (elbows) and 38.7% (wrists). The annual prevalence in each of these body areas for the lock assemblers well exceeded these median values. However, mere was little difference found between the median value for the referent groups and the lock assemblers for the upper and lower back areas and the hips, knees or ankles. The finding of very similar rates of complaints affecting the hips, knees and ankles suggests that these may be within the typical general population range reported by female workers.
The survey found an excess of self-reported weekly prevalence at Site 4 for the neck, upper back and hips. Site 4 differed from the remaining companies in that it operated in team cells rather than the conventional production line. Subsequent discussion of the results with management and unions revealed that complaints had recently been expressed about the siting of computer screens and poor non-adjustable seating.
Because of its cross-sectional nature, this study is open to the usual forms of bias inherent in its design -workers surveyed are a survivor population and no relationship between cause and effect can be implied.
Longitudinal data
Interpretation of the results for the before and after trial is limited because of the small sample size at Site 4. Nevertheless, the results are suggestive of the annual and weekly prevalence being fairly consistent for years 1 and 2 with the exception of the reports made for the elbow region. A 27% increase in annual prevalence and 31.6% increase in weekly prevalence was matched by 13.3% more subjects reporting disability in the last year. The annual prevalence rates of symptoms involving the neck (p < 0.05) and elbow (p < 0.05) and weekly prevalence rates of neck (p < 0.01) and elbow (p < 0.05) symptoms are lower in new employees, whilst similar rates were found in the wrist and other areas of the body.
Whilst musculoskeletal disorders are not thought to have been present in workers who left between the two surveys, the lack of musculoskeletal disorders was anecdotal and not confirmed.
Two speculative explanations might be advanced for these findings. Perhaps the ergonomically improved seating was having a bearing on the back and lower limbs. Perhaps the changes were effectively reducing the risk of sustaining complaints in the neck and shoulders such that their onset was not being reported by the new employees. However, it is recognized that musculoskeletal symptom reporting is very much more complicated than this and in reality it was too early to assess the impact of the ergonomic changes or to definitely link improvements with specific body areas in this survey. A study seeking to determine the effectiveness of the ergonomic changes would need to consider the balance of both physical and psychological factors which influence the perception and reporting of pain. 9 Sickness absence and insurance claims
The triangular relationship identifies the limitations of using just claims data -specifically that claims data reflects just the 'tip of the iceberg' and not the whole musculoskeletal problem.
Sickness absence produces more of an indication of an occupational ill-health problem but still does not reflect the true number of workers complaining of musculoskeletal pain. Active encouraging of reporting seems to give a better indication. Completion of a questionnaire is likely to yield the highest number of responses, as outlined above.
The results of the musculoskeletal questionnaire and insurance claims tell us something of the different stages of the disease process over time. Each provide different information. If seeking prevention, then the aim must be to stop operators elevating 'to the top of the iceberg'.
Solutions
Ideas for alleviating the risk of upper limb disorders were observed at die companies. The use of sponges to reduce the grip force required to pick up small-sized springs was beneficial as the task became easier and more controlled. Personal seating was introduced at one site which moved from workstation to workstation. As the worker moved, selecting from component bins became easier by alterations to their position and tilt, so avoiding over-stretching postures and stress at the shoulders. Less successful was the piloting of a robotic arm. Whilst this was to have eliminated the need for the operator to have to test the lock, it was deemed to have failed because the robot could not 'feel' the motion of the lock mechanism.
Major considerations when reviewing ideas for intervention were that a 'security product' was being produced of a well-established identity, quality and design. The implications of this was that it was a requirement of the products specification that on inspection every key (which can be tested up to ten times) had to be tested in the assembled lock. The testing of just one key, even if differences between other keys were very small, was not acceptable.
Work organizational changes, such as job rotational schemes or working in cells were readily considered options by the companies.
The continuing challenge remains with how best to further modify the lock design and key arrangement to ease its assembly and testing, to change the sequence of tasks or to change the assembly or inspection tasks, all of which were not so readily identified.
CONCLUSION
This survey of lock assemblers has highlighted high levels of self-reported upper limb complaints. These findings are of concern to the industry and trade union and both are receptive to ideas on how they might prevent and alleviate such symptoms.
